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Chapitre 5- Etude de l'influence des incertitudes de modélisation de l 'état de surface 
Partie 2 : analyse des simularions 
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Figure 5. 2-1 : Réjlectance spéculaire (en %) pour une demi-orbite du capteur ji;JERJS pour le 
jour 80 et une vitesse de vent de 5 m.s·' . On a simulé comme variance du modèle de Cox et 
Munk (a) une variance maximum, (b) une variance moyenne, (c) une variance minimum. On a 
représenté en (d) la différence de réjlectance entre les cas à variance maximum (a) et 
minimum (c). 
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hardware costs and reliabi1ity ought to be eva1uated for a selection of microwave 
frequencies for satellite systems. Fortunately if the veering angle is less than about 
±20°, the errors due to veering winds should be within typical design specifications 
(± 10 per cent for magnitude, ±20° for direction). If on the other hand 
± 20° < Q < ± 55°, the effects of veering winds are dramatic and not negligible so 
there is more uncertainty in deriving the stress. The general trends appear regardless 
of long wave steepness or wind speed, so when weather patterns cause a shift in wind 
direction grea ter than about ± 20° (on a time scale that is short compared to the 
long wave relaxation time), results from standard scatterometer data reduction 
algorithms should be used with prudence. 
These findings are dependent upon model assumptions, as is always the case for 
numerical experiments. Although we used sea surface models that are in accord with 
present qualitative descriptions, more detailed measurements of sea surface mor-
phology for veering winds would certainly be helpful to guide and validate further 
numerical model development. Refinement of scattering calculations and data 
inversion techniques will be dependent upon a better understanding of (a) air-sea 
coupling processes, (b) long-wave slope probability density distributions, and (c) 
wave-wave interaction mechanisms. In this vein, a recent study by Geernaert et al. 
(1993) presents progress toward understanding the directional attributes of the 
ocean surface wind stress vector because it provices in situ measurements which are 
evidence that the stress vector direction is altered (stress vector and wind vector are 
non-aligned) due to long-wave effects pursuant to veering winds. The role of various 
physical mechanisms that might contribute to this deviation is, however, still 
unsettled; so further research is needed to model momentum flux at the air-sea 
interface with respect to the wind profile and sea surface characteristics. It is 
suggested that veering wind studies also include microwave scattering measurements 
so that weather fronts can be accurately monitored globally. 
A quality control procedure developed by Stoffelen and Anderson (1993) is being 
used to validate ERS-1 scatterometer data. The analysis quantifies the coherence of 
a0 triplets and the three-term transfer function for CMOD4. Their recent findings 
show that the data are generally consistent with the CMOD4 wind retrieval 
algorithm. Over distances of 100-150 km near lows, fronts and tropical cyclones, 
however, the data frequently do not follow the general distribution of triplets. In 
these cases, no wind retrieval is attempted. Th us the quality of reported winds is not 
compromised, but there are occasional gaps. Further study is needed to formulate 
and validate algorithms suitable for measuring winds near lows, fronts and tropical 
cyclones. This simulation indicates that directional properties of large waves need to 
be included in those investigations. 
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RESUME 
Nous présentons un outil logiciel qui permet de simuler une mission spatiale dans son 
intégralité. Ceci constitue une approche nouvelle en télédétection. Les concepteurs de 
missions et les scientifiques peuvent ainsi mieux appréhender la complexité toujours 
croissante des futures missi()ns. Ce simulateur permet, bien avant le lancement de la mission, 
de considérer l'ensemble dit système, qui comprend évidemment le capteur, mais aussi les 
caractéristiques de l'orbite de la plate-forme qui l'emportera, ainsi que les algorithmes de 
traitement des données qui seront effectués au sol. Ce simulateur apporte une aide précieuse 
dans le cadre du dimensionnement et de l'analyse d'une mission spatiale ; il permet de 
comprendre comment la performance de tout ou partie du système contribue à la performance 
globale de la mission. La mission spatiale simulée dans le cadre de cette thèse est la mission 
du capteur MERlS (Medium Resolution Imaging Spectrometer) de l'Agence Spatiale 
Européenne, dont l'objectif principal est la mesure de la couleur de l'eau. 
Nous utilisons le simulateur pour évaluer la dynamique du signal en entrée du capteur, 
pour calculer la résolution radiométrique nécessaire au capteur pour satisfaire les objectifs de 
la mission et pour étudier la sensibilité du signal à de petites variations en attitude de la plate-
forme. Nous étudions ensuite l'influence de la qualité de la modélisation de l'état de la surface 
océanique sur la qualité de la mesure de la couleur de l'eau. Nous montrons que les 
incertitudes, liées à une modélisation trop imprécise des effets de surface et à une 
méconnaissance de la vitesse du vent, induisent des erreurs sur le signal marin pouvant être 
supérieures à la précision attendue par la mission. 
Mots clés : télédétection, simulation de mission spatiale, MERlS, couleur de l'eau, effets de 
surface, océan. 
ABSTRACT 
W e present a software tool that allows to perform end-to-end simulations of a space 
mission, which is a quite new approach in remote sensing. It addresses the need of engineers 
and scientists to better understand the new missions whose complexity is increasing. This end-
to-end simulation tool allows far before the launch to assess the performance of the overall 
system including the instrument, the satellite platform and the ground processing algorithms. 
It is of great help in the frame of space mission design and analysis and helps understanding 
how the performance of ail or part of the system contributes to the mission performance. The 
space mission simulated in this work is that of the Medium Resolution Imaging Spectrometer 
(MERlS) developed by the Space European Agency whose main objective is the remote 
sensing of ocean colour. 
We use the simulator to evaluate the signal dynamics at sensor entrance, to compute the 
sensor radiometrie resolution needed to satisfy the mission objectives and to study the signal 
sensitivity to small variations in platform attitude. Then we study the influence of the quality 
of the modelling of the reflection effects at the sea surface upon the ocean colour retrieval. We 
show that the uncertainties, due to a lack of precision in modelling of surface effects and to 
the uncertainty in the wind speed induce errors on the marine signal that can be greater than 
the mission expected accuracy. 
Key words: remote sensing, space mission simulation, MERlS, ocean colour, sea surface 
effects, ocean. 
